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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high finder 
magnification even when the focal length of a 
photographing optical system as an objective lens is 
short and also an image inverting system exists in the 
optical path of the finder eyepiece optical system 
between a real image formation plane and a pupil plane. 
SOLUTION: In a finder eyepiece optical system G2, 
principal pints are extruded forward by arranging lens 
groups in the order of a positive lens group F1 to a 
negative lens group F2 toward from an image plane side 
to a pupil plane in order to lengthen the real length of its 
optical path. The positive lens group F1 is constituted by 
using two sheets of thick convex lenses L11, L12 to 
broaden the interval between principal points and the 
total length of a lens is lengthened without changing the 
focal length of the whole optical system. The first plane 
of the concave lens L10 close to the real image plane of 
the positive lens group F1 is made to coincide with the 
real plane as a plane. The negative lens group F2 is 

constituted by using two sheets of lenses of a convex lens L13 and a concave lens L14 and the 
correcting of a finder diopter is performed by moving the lens 14 in the direction of an optical 
axis. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the TTL finder optical system which carries out direct observation of the real 
image which carried out image formation with photography optical system. The finder eyepiece 
optical system arranged between the real-image image formation sides and pupil surfaces by the 
aforementioned photography optical system TTL finder optical system characterized by 
constituting the lens near [ by the aforementioned photography optical system of the one or 
more lenses which consist of the positive-lens groups and negative-lens groups which consist of 
one or more lenses, respectively, and constitute the aforementioned positive-lens group ] the 
real-image image formation side from a negative lens. 

[Claim 2] TTL finder optical system according to claim 1 characterized by constituting the 
negative-lens group of finder eyepiece optical system only from a negative lens of one sheet. 
[Claim 3] The negative-lens group of finder eyepiece optical system is TTL finder optical system 
according to claim 1 or 2 characterized by including the negative lens which formed the 1st [ at 
least ] page in the aspheric surface. 

[Claim 4] The positive-lens group of finder eyepiece optical system is TTL finder optical system 
given in any 1 term of the claims 1-3 characterized by including the lens which formed the 1st 
[ at least ] page in the aspheric surface. 

[Claim 5] The positive-lens group of finder eyepiece optical system is TTL finder optical system 
given in any 1 term of the claims 1-4 characterized by the absolute value of the radius of 
curvature of the convex which forms a convex lens containing the equal convex lens of one or 
more sheets. 

[Claim 6] TTL finder optical system given in any 1 term of the claims 1-5 characterized by 
considering as the composition which makes a flat surface the 1st page of the lens arranged by 
approaching most the real-image image formation side by photography optical system among one 
or more lenses which constitute the positive-lens group of finder eyepiece optical system, and 
makes the field concerned in agreement with the real image surface. 

[Claim 7] The negative-lens group of finder eyepiece optical system is TTL finder optical system 
given in any 1 term of the claims 1-6 characterized by including at least one lens which is moved 
in the direction of an optical axis and amends a finder diopter. 

[Claim 8] The 1 st group optical system with which photography optical system has negative 
refractive power one by one toward an image side from a body side, While forming drawing which 
arranges the 3rd group optical system which has the 2nd group optical system and the positive 
refractive power which have positive refractive power, and moves to the body side of the above- 
mentioned 2nd group optical system at the 2nd group optical system and one at the time of 
zooming By the 1st group optical system's moving an optical-axis top to an image side first, and 
reversing the move direction to a body side on the way on the occasion of zooming from a wide 
angle edge to a tele edge an image side — the convex arc of a convex — moving — change of a 
focal position — amending — the 2nd group optical system — an optical-axis top — a body side 
— monotonous — moving — variable power — carrying out — the [ and ] — 3 group optical 
system By moving an optical-axis top to a body side first, and reversing the move direction to an 
image side on the way It moves to the convex arc of a convex and variable power is performed 
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to a body side, the focal distance of the Mth group optical system (M=1-3) fM, It is bfW about 
the distance of the last lens side of the 3rd group optical system and the image surface in a wide 
angle edge. These are condition: (1) when carrying out; 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a 
wide angle edge / for the synthetic focal distance of the whole system ] 

(2) f3 /fW <6.8(f3 >0) 

(3) 0.37<f2 /f3 <0.41(f2 >0,f3 >0) 

(4) TTL finder optical system given in any 1 term of the claims 1-7 characterized by including 
the zoom optical system with which are satisfied of 1 .75<bfW / fW. 



[Translation done.] 



httn://www4.indl iDo.ffo.iD/cei-bin/tran web c^i eiie?u=httn%3A%?F%PFwwwfi indl in 9003/10/06 



1/19 s<— v 



* NOTICES * 

Japan Patent Office is not r sponsible for any 
damag s caused by th use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement of the 
finder optical system used for cameras, such as for example, a lens shutter camera, a video 
camera, and a digital camera, and relates to the suitable TTL finder optical system for the TTL 
finder system of the TTL (Throughthe Taking Lens) method which observes the photographic 
subject real image by which image formation is especially carried out with photography optical 
system with finder eyepiece optical system. 
[0002] 

[Description of the Prior Art] In recent years, it is called a digital camera etc., a photographic 
subject image is picturized by solid state image pickup devices, such as for example, a CCD 
(charge-coupled device) image pck-up element, the image data of a photographic subject's static 
image (steel picture) or a dynamic image (movie picture) is obtained, and the camera of the type 
recorded on IC (integrated circuit) card or a video floppy disk in digital one is spreading quickly. 
In this case, generally the PC card which is an IC card according to PCMCIA (Personal 
Computer Memory Card International Association-C memory card international association) 
specification as an IC card is used. 

[0003] There are a comparatively large-sized thing which incorporated the component part of a 
digital camera on the basis of the body and optical system of a single lens reflex camera (one 
eye reflex camera) of the ordinary camera which uses a silver salt film, i.e., a silver salt camera, 
and a comparatively small thing equivalent to the compact camera of the range finder-lens 
shutter formula in a silver salt camera in this kind of digital camera. 

[0004] Also in compact cameras and one eye reflex cameras, such as the so-called 35mm lens 
shutter camera which, on the other hand, uses for example, ordinary 35mm silver salt film, the 
improvement in a performance is remarkable. For example, also equipping a compact camera with 
the taking lens of a focal distance adjustable method like a zoom lens, or expanding the variable 
power ratio (zoom ratio) further is performed. By the way, image formation of a photographic 
subject's real image is carried out with object optical system among the finder systems used for 
various cameras, and the real-image formula finder system which presents observation of a user 
with this real image through eyepiece optical system is suitable for constituting the TTL finder 
optical system of the TTL method which uses photography optical system as object optical 
system. Photography optical system is because it is the lens system which forms a real image in 
the light-receiving side and film plane of the solid state image pickup device which used a 
photographic subject's real image for CCD etc. from the first. 

[0005] Such TTL finder optical system is suitable for the finder system of a digital camera or a 
video camera from the ability to observe a finder image equivalent to an actual photography 
image, and control a diopter comparatively easily. A conventional example of a real-image 
formula finder system is shown in JP,5-341 187,A. The real-image formula finder shown in JP,5- 
341187,A It has the objective lens and ocular which both have positive refractive power, "the 
above-mentioned objective lens The 1st group which has positive refractive power in order from 
a body side, the 2nd group with negative refractive power, Come to allot the 3rd group with 
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positive refractive power, and the 4th group with positive refractive power, and image formation 
of the real image is carried out between the 4th group of the above, and the above-mentioned 
ocular with the above-mentioned objective lens, being constituted so that the above-mentioned 
real image may be observed through an ocular, increasing a scale factor by moving the 2nd group 
of the above to an eyepiece side from a body side, and moving the 4th group for the diopter 
change accompanying this increase in a scale factor — an amendment — it is" real-image 
formula variable power finder made like 

[0006] It is shown in JP,5-341 187,A that the image reversal system and ocular using prism for 
making an erect image reverse an observation image from the real-image image formation side of 
the photographic subject by the objective lens of a real-image formula variable power finder 
before a pupil surface are arranged. In this case, a lens system with positive refractive power is 
constituted, and, as for the image reversal system, the ocular also has positive refractive power. 
[0007] 

[Problem(s) to be Solved by the Invention] Generally in a finder system, it is desirable to obtain 
an always high finder scale factor, i.e., the finder scale factor enough near "1." However, when 
the optical system between the reaHmage image formation sides of a real-image formula 
variable power finder and pupil surfaces which were shown in JP,5-341 187,A mentioned above is 
used, TTL finder optical system is constituted and it combines with an objective lens with a 
short focal distance, a finder scale factor high enough cannot be obtained. TTL finder optical 
system consists of photography optical system and finder eyepiece optical system. 
[0008] That is, what it functions on as an objective lens among TTL finder optical system is 
photography optical system, and the optical system from the real-image image formation side by 
this photography optical system to a pupil surface is called "finder eyepiece optical system" 
here. In TTL finder optical system, in order to realize a high finder scale factor in combination 
with the short photography optical system of a focal distance, it is necessary to also shorten the 
focal distance of finder eyepiece optical system. Since it is contradictory to one side, on the 
other hand demand of having to lengthen the true length of finder eyepiece optical system, and 
shortening the focal distance described previously for suitable image reversal, the device on a 
design is required. 

[0009] this invention was made in view of the situation mentioned above, and even if the focal 
distance of the photography optical system as an objective lens is short and an image reversal 
system exists in the optical path of the finder eyepiece optical system between a real-image 
image formation side and a pupil surface, it sets it as the purpose of a claim 1 to offer the TTL 
finder optical system which can obtain a high finder scale factor. Especially the purpose of the 
claim 2 of this invention is to offer TTL finder optical system with little aberration with a low 
manufacturing cost. The purpose of the claim 3 of this invention is to offer the TTL finder optical 
system which can carry out aberration amendment appropriately especially. 
[0010] The purpose of the claim 4 of this invention is to offer the TTL finder optical system 
which can realize much more good aberration amendment. Especially the purpose of the claim 5 
of this invention is to offer the TTL finder optical system which enables curtailment of a 
manufacturing cost. The purpose of the claim 6 of this invention is to offer the TTL finder optical 
system which can observe a photographic subject image equivalent to the time of photography 
by the low cost especially. 

[0011] The purpose of the claim 7 of this invention is to offer the TTL finder optical system 
which can amend a finder diopter appropriately with easy composition especially. Even if it is 
bright at a high field angle and the optical system of a big variable power ratio is used for it, the 
purpose of the claim 8 of this invention is to offer the TTL finder optical system which can 
secure a high finder scale factor, while it can fully separate an exit-pupil position from the image 
surface and can secure a back focus long enough as photography optical system. 
[0012] 

[Means for Solving the Problem] The TTL finder optical system concerning this invention 
indicated to the claim 1 In order to attain the purpose mentioned above, it is the TTL finder 
optical system which carries out direct observation of the real image which carried out image 
formation with photography optical system. The finder eyepiece optical system arranged between 
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the real-image image formation sides and pupil surfaces by the aforementioned photography 
optical system It is characterized by constituting the lens near [ by the aforementioned 
photography optical system of the one or more lenses which consist of the positive-lens groups 
and negative-lens groups which consist of one or more lenses, respectively, and constitute the 
aforementioned positive-lens group ] the real-image image formation side from a negative lens. 
[0013] TTL finder optical system concerning this invention indicated to the claim 2 is 
characterized by constituting the negative-lens group of finder eyepiece optical system only 
from a negative lens of one sheet. TTL finder optical system concerning this invention indicated 
to the claim 3 is characterized by the negative-lens group of finder eyepiece optical system 
containing the negative lens which formed the 1st [ at least ] page in the aspheric surface. TTL 
finder optical system concerning this invention indicated to the claim 4 is characterized by the 
positive-lens group of finder eyepiece optical system containing the lens which formed the 1st 
[ at least ] page in the aspheric surface. 

[0014] TTL finder optical system concerning this invention indicated to the claim 5 is 
characterized by the absolute value of the radius of curvature of the convex in which the 
positiveHens group of finder eyepiece optical system forms a convex lens containing the equal 
convex lens of one or more sheets. TTL finder optical system concerning this invention indicated 
to the claim 6 is characterized by considering as the composition which makes a flat surface the 
1st page of the lens arranged by approaching most the real-image image formation side by 
photography optical system among one or more lenses which constitute the positive-lens group 
of finder eyepiece optical system, and makes the field concerned in agreement with the real 
image surface. 

[0015] TTL finder optical system concerning this invention indicated to the claim 7 is 
characterized by including at least one lens with which the negative-lens group of finder 
eyepiece optical system makes it move in the direction of an optical axis, and amends a finder 
diopter. 

[0016] The TTL finder optical system concerning this invention indicated to the claim 8 The 1st 
group optical system with which photography optical system has negative refractive power one 
by one toward an image side from a body side, While forming drawing which arranges the 3rd 
group optical system which has the 2nd group optical system and the positive refractive power 
which have positive refractive power, and moves to the body side of the above-mentioned 2nd 
group optical system at the 2nd group optical system and one at the time of zooming By the 1st 
group optical system's moving an optical-axis top to an image side first, and reversing the move 
direction to a body side on the way on the occasion of zooming from a wide angle edge to a tele 
edge an image side — the convex arc of a convex — moving — change of a focal position 
amending — the 2nd group optical system — an optical-axis top — a body side — monotonous 
— moving — variable power — carrying out — the [ and ] — 3 group optical system By moving 
an optical-axis top to a body side first, and reversing the move direction to an image side on the 
way It moves to the convex arc of a convex and variable power is performed to a body side, the 
focal distance of the Mth group optical system (M=1-3) fM, It is bfW about the distance of the 
last lens side of the 3rd group optical system and the image surface in a wide angle edge. These 
are condition: (1) when carrying out. 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a wide angle edge / 
for the synthetic focal distance of the whole system ] 
<2) f3 /fW <6.8(f3 >0) 

(3) 0.37<f2 /f3 <0.41(f2 >0,f3 >0) 

(4) It is characterized by including the zoom optical system with which are satisfied of 
1.75<bfW/fW. 

[0017] 

[Function] Namely, the TTL finder optical system by the claim 1 of this invention It is the TTL 
finder optical system which carries out direct observation of the real image which carried out 
image formation with photography optical system. The finder eyepiece optical system arranged 
between the real-image image formation sides and pupil surfaces by the aforementioned 
photography optical system The lens near [ by the aforementioned photography optical system 
of the one or more lenses which consist of the positive-lens groups and negative-lens groups 
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which consist of one or more lenses, respectively, and constitute the aforementioned positive- 
lens group ] the real-image image formation side consists of negative lenses. Such composition 
enables it to obtain a high finder scale factor, even if the focal distance of the photography 
optical system as an objective lens is short and an image reversal system exists in the optical 
path of the finder eyepiece optical system between a real-image image formation side and a 
pupil surface. 

[0018] The TTL finder optical system by the claim 2 of this invention constitutes the negative^ 
lens group of finder eyepiece optical system only from a negative lens of one sheet. Few 
aberration is realizable with a low manufacturing cost especially with such composition. The 
negative-lens group of finder eyepiece optical system considers TTL finder optical system by 
the claim 3 of this invention as the composition containing the negative lens which formed the 
1st [ at least ] page in the aspheric surface, such composition — especially — suitable — an 
aberration amendment — things become possible 

[0019] The TTL finder optical system by the claim 4 of this invention contains the lens with 
which the positive-lens group of finder eyepiece optical system formed the 1st [ at least ] page 
in the aspheric surface. 

[0020] Much more good aberration amendment is realizable with such composition. The TTL 
finder optical system by the claim 5 of this invention contains the convex lens of one or more 
sheets with the equal absolute value of the radius of curvature of the convex in which the 
positive-lens group of finder eyepiece optical system forms a convex lens. By such composition, 
it becomes reducible [ a manufacturing cost ] especially. 

[0021] TTL finder optical system by the claim 6 of this invention is considered as the 
composition which makes a flat surface the 1st page of the lens arranged by approaching most 
the real-image image formation side by photography optical system among one or more lenses 
which constitute the positive-lens group of finder eyepiece optical system, and makes the field 
concerned in agreement with the real image surface. Such composition enables it to observe a 
photographic subject image equivalent to the time of photography by the low cost especially. 
[0022] The TTL finder optical system by the claim 7 of this invention contains at least one lens 
with which the negative-lens group of finder eyepiece optical system makes it move in the 
direction of an optical axis, and amends a finder diopter, such composition — especially easy 
composition — suitable — a finder diopter — an amendment — things are made 
[0023] The TTL finder optical system by the claim 8 of this invention The 1st group optical 
system with which photography optical system has negative refractive power one by one toward 
an image side from a body side, While forming drawing which arranges the 3rd group optical 
system which has the 2nd group optical system and the positive refractive power which have 
positive refractive power, and moves to the body side of the above-mentioned 2nd group optical 
system at the 2nd group optical system and one at the time of zooming By the 1st group optical 
system's moving an optical-axis top to an image side first, and reversing the move direction to a 
body side on the way on the occasion of zooming from a wide angle edge to a tele edge an image 
side — the convex arc of a convex — moving — change of a focal position — amending — the 
2nd group optical system — an optical-axis top — a body side — monotonous — moving — 
variable power — carrying out — the [ and ] — 3 group optical system By moving an optical- 
axis top to a body side first, and reversing the move direction to an image side on the way It 
moves to the convex arc of a convex and variable power is performed to a body side, the focal 
distance of the Mth group optical system (M=1-3) fM, It is bfW about the distance of the last 
lens side of the 3rd group optical system and the image surface in a wide angle edge. These are 
condition: (1) when carrying out. 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a wide angle edge / for 
the synthetic focal distance of the whole system ] 

(2) f3 /fW <6.8 (f3 >0) 

(3) 0.37<f2 /f3 <0.41 (f2 >0,f3 >0) 

(4) The zoom optical system with which are satisfied of 1.75<bfW / fW is included. 

[0024] While fully being able to separate an exit-pupil position from the image surface and being 
able to secure a back focus long enough as photography optical system by such composition, 
even if it is bright at a high field angle and uses the optical system of a big variable power ratio, a 
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high finder scale factor is securable. 
[0025] 

[Embodiments of the Invention] Hereafter, based on the gestalt of operation, the TTL finder 
optical system of this invention is explained in detail with reference to a drawing. Drawing 1 and 
drawing 2 show the composition of the important section of the TTL finder optical system 
concerning the gestalt of operation of the 1st of this invention. The optical-system plot plan 
which drawing 1 develops the composition of TTL finder optical system, and is shown, and 
drawing 2 are the perspective diagrams showing typically the composition at the time of building 
the TTL finder optical system of drawing 1 into a camera. 

[0026] Signs omega, R, D, and Nd and nud which are used in the following explanation — half 
omega: — radius-of-curvature D: of a field angle Floptical surface — the Abbe number of the 
optical material of a refractive-index nud:lens of the optical material of a spacing Nd:lens with 
the following optical surface (a pupil surface side is adjoined) shall be expressed, respectively 
[0027] With the gestalt of this operation, securing a high finder scale factor combining known 
photography optical system with a short focal distance, in order to bend and draw a beam of 
light, the finder eyepiece optical system by this invention which has the true length of sufficient 
optical path is shown. The TTL finder optical system of the gestalt of this operation consists of 
this finder eyepiece optical system and aforementioned photography optical system. 
[0028] The TTL finder optical system shown in drawing 1 possesses the photography optical 
system G1 and the finder eyepiece optical system G2. The state when the photography optical 
system G1 which is a zoom lens is set to the short focal side edge section WIDE, i.e., a wide 
angle edge, is shown in drawing 1 . The 3rd lens [ whose photography optical system G1 is the 
1st lens group T1 and the 2nd group optical system which are the 1st group optical system one 
by one toward a photographic subject, i.e., body, side to an image side ] group T3 which it 
reaches 2nd lens group T2 and is the 3rd group optical system is arranged. The' 1st lens group 
T1 has negative refractive power, it reaches 2nd lens group T2 and the 3rd lens group T3 has 
positive refractive power. It extracts and S moves in one with the 2nd lens group T2 at the time 
of zooming which was prepared in the body side of the 2nd lens group T2 and to which a focal 
distance is changed. 

[0029] Zooming from the wide angle edge shown in drawing 1 to a tele edge is faced, the 1st lens 
group T1 By moving an optical-axis top to an image side first, and reversing the move direction 
to a body side on the way, it moves to an image side at the convex arc of a convex, and change 
of a focal position is amended, the 2nd lens group T2 By moving an optical-axis top to a body 
side in monotone, and performing variable power, by moving an optical-axis top to a body side 
first, and reversing the move direction to an image side on the way, the 3rd lens group T3 moves 
to the convex arc of a convex, and performs variable power to a body side. Since drawing S 
moves in one with the 2nd lens group T2 on the occasion of zooming, movement of the 2nd lens 
group T2 is not barred by drawing S. 

[0030] The synthetic focal distance of the whole system [ in / fM and a wide angle edge / for 
the focal distance of the Mth lens group (M=1-3) ] fW, the back focus length in the distance of 
the last lens side and the image surface, i.e., the wide angle edge, of the 3rd lens group in a wide 
angle edge — bfW ** — the time of carrying out — these — each following condition: 
conditions (1) 2.4<|f1 |/fW <2.6 (f1 <0) and conditions (2) f 3 / fW <6.8 (f3 > 0) and conditions (3) 
0.37<f2/f3 <0.41 (f2 > 0 f 3 >0) and conditions (4) 1 .75<bfW / fW is satisfied. 
[0031] Conditions (1) The whole system is miniaturized and, for an amendment reason, it is the 
focal distance f1 of the 1st lens group T1 good about aberration. It is the conditions which 
regulate the range, and although the negative refractive power of the 1st lens group T1 becomes 
strong too much in the following and it is advantageous to the miniaturization of the lens whole 
system, since many aberration, such as spherical aberration, gets worse a minimum, it is not 
desirable. Moreover, conditions (1) If an upper limit is exceeded, although aberration will become 
good, it becomes difficult to miniaturize the lens whole system. Conditions (2) It is the conditions 
which regulate the positive refractive power of the 3rd lens group T3, and if an upper limit is 
exceeded, the positive refractive power of the 3rd lens group T3 will become inadequate, an 
exit-pupil position will approach the image surface, and tele cent rucksack nature will be lost. 
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[0032] conditions (3) the [ the 2nd lens group T2 which both has positive refractive power, and ] 

— the conditions which regulate distribution of the refractive power of 3 lens groups T3 — it is 

— the [ the 2nd lens group T2 and ] — the composition number of sheets of 3 lens groups T3 - 

— few — maintaining — a miniaturization — easy — carrying out — in addition — and they are 
the conditions of an amendment sake good about aberration Conditions (3) Under at a minimum, 
in order for the effect using the 3rd lens group T3 to decrease and to compensate the refractive 
power of the 3rd lens group T3, the refractive power of the 3rd lens group T3 becomes 
inadequate, the refractive-power burden of the 2nd lens group T2 becomes excessive, spherical 
aberration gets worse and the flat nature of an image also becomes bad. 

[0033] conditions (3) if an upper limit is exceeded, although the refractive-power burden of the 
3rd lens group T3 becomes large, the refractive-power burden of the 2nd lens group T2 will be 
eased, aberration will become good and the flat nature of an image will also become good — the 
[ the negative refractive power of the 1st lens group T1 and ] — it agrees also in the inclination 
for both positive refractive power of 2 lens groups T2 to become weak, and the miniaturization of 
the whole system of optical system becomes difficult Conditions (4) If a minimum is exceeded 
about a back focus, it will become difficult to arrange the optical element used for optical-path 
division or an optical-path change. 

[0034] the 1st lens group T1 consists of three lenses L1, L2, and L3, and constitutes the 2nd 
lens group T2 from five lenses L4, L5, L6, L7, and L8 — having — the [ and ] — 3 lens groups 
T3 consist of one lens L9 With the camera photoed by solid state image pickup devices, such as 
a CCD image sensor, behind the 3rd lens group T3, although not illustrated, the cover glass and 
the filter for protecting a solid state image pickup device are arranged, and image formation is 
carried out in the light-receiving side of a solid state image pickup device. A filter may contain 
the light filter further for color separation including an infrared light shading filter and a low pass 
filter. 

[0035] In order to constitute finder optical system, the optical element RM optical-path division 
of a one-way mirror etc. or for an optical-path change (refer to drawing 2 ) is formed in a back 
[ of the 3rd lens group T3 ], i.e., image, side, and the flux of light of the photography optical 
system G1 is led to the finder eyepiece optical system G2 through an optical element RM. Since 
this optical element RM only deflects and draws an optical path, it is unrelated to optical-system 
arrangement, and is not shown in the optical-system plot plan of drawing 1 . 
[0036] The finder eyepiece optical system G2 has the positive-lens group F1 and the negative- 
lens group F2. The positive-lens group F1 and the negative-lens group F2 are arranged toward a 
pupil surface side in order of the positive-lens group F1 and the negative-lens group F2 from an 
image surface side, and constitute the finder eyepiece optical system G2. The positive-lens 
group F1 consisted of three lenses L10, L11, and L12, and arranges these three lenses L10, L11, 
and L12 in order of L10, L11, and L12 one by one toward a pupil surface side from the image 
surface side. A lens L10 is a concave lens which made the 1st page the flat surface, and both 
the lenses L11 and L12 are heavy-gage convex lenses. 

[0037] The lens L10 just behind an optical element RM makes in agreement with an image 
formation side the 1st page made into the flat surface, and is arranged. They make in agreement 
the absolute value of double-sided radius of curvature, the heavy-gage convex lenses L1 1 and 
L12 are convex lenses which formed both sides as a symmetrical convex, and they are 
constituted as prism for bending an optical path and securing the optical path length, 
respectively, while reversing the sense of an image and considering as an erect normal image. 
That is, the heavy-gage convex lenses L1 1 and L12 form the convex lens for the plane of 
incidence and the injection side of prism as a convex with the equal absolute value of radius of 
curvature, respectively. 

[0038] The negative-lens group F2 consisted of two lenses L13 and L14, and arranges these 
lenses L13 and L14 in order of L13 and L14 one by one toward a pupil surface side from the 
image surface side. A lens L13 is a convex lens and a lens L14 is a concave lens. That is, in 
order to lengthen the true length of the optical path, the finder eyepiece optical system G2 has 
been arranged toward a pupil surface in order of the positive-lens group F1 -> negative-lens 
group F2 from the image surface side, and has extruded the principal point position ahead 



http://www4.ipdljDO.gojp/cgi-bin/tran web cei eiie 



2003/10/06 



7/19 v 



further. Furthermore, by constituting the positive-lens group F1 using the convex lenses L1 1 and 
L12 of two sheets, and making heavy-gage both [ these ] the lenses L1 1 and L12, a principal 
point interval is extended and the lens overall length is lengthened, without changing the focal 
distance of all optical system. 

[0039] If the beam-of-light height of the positive-lens group F1 is not made high, it becomes 
impossible however, to secure a suitable eye point, since the negative-lens group F2 has been 
arranged to the pupil surface side. On the other hand, the injection flux of light of the 
photography optical system G1 fully separates an exit-pupil position from the image surface, 
strengthens tele cent rucksack nature, and is made to lessen influence of shading in a CCD 
image sensor etc. or KERARE, a color gap, etc. Then, it was made to lead the flux of light to a 
desired eye point by using the lens L10 near [ in the positive-lens group F1 of the finder 
eyepiece optical system G2 ] the real image surface as a concave lens. 

[0040] Furthermore, it was made in agreement with the real image surface by making the 1st 
page of the lens L10 near the real image surface of the positive-lens group F1 into a flat 
surface. It becomes unnecessary to establish an information-display object etc. separately 
because of the information display in a finder by preparing the target mark for an information 
display etc. in this flat surface. For aberration amendment, the negative-lens group F2 was 
constituted from two lenses, a convex lens L13 and a concave lens L14, and good aberration 
amendment is attained. Moreover, the large interval of a convex lens L13 and a concave lens L14 
can be taken, and a finder diopter can be amended by moving a concave lens L14 in the direction 
of an optical axis. 

[0041] Drawin g 3 is the optical-system plot plan developing and showing the composition of the 
important section of the TTL finder optical system concerning the form of operation of the 2nd 
of this invention. In the TTL finder optical system shown in drawing 3 , the same photography 
optical system G1 as drawing 1 and the finder eyepiece optical system G2 of drawing 1 possess 
different finder eyepiece optical-system G2A a little. The 3rd lens [ whose photography optical 
system G1 is the 1st lens group T1 and the 2nd group optical system which are the 1st group 
optical system one by one toward a photographic subject, i.e., body, side to an image side ] group 
T3 which it reaches 2nd lens group T2 and is the 3rd group optical system is arranged. The 1st 
lens group T1 has negative refractive power, it reaches 2nd lens group T2 and the 3rd lens group 
T3 has positive refractive power. It extracts and S moves in one with the 2nd lens group T2 at 
the time of zooming which was prepared in the body side of the 2nd lens group T2 and to which 
a focal distance is changed. 

[0042] the 1st lens group T1 consists of three lenses L1, L2, and L3, and constitutes the 2nd 
lens group T2 from five lenses L4, L5, L6, L7, and L8 — having — the [ and ] — 3 lens groups 
T3 consist of one lens L9 The flux of light of the photography optical system G1 injected from 
the 3rd lens group T3 is led to finder eyepiece optical-system G2A. As for the same positive- 
lens group F1 as drawing 1 , and the negative-lens group F2 of drawing 1 , finder eyepiece 
optical-system G2A has different negative-lens group F2A a little. The positive-lens group F1 
and negative-lens group F2A are arranged toward a pupil surface side in order of the positive- 
lens group F1 and negative-lens group F2A from an image surface side, and finder eyepiece 
optical-system G2A is constituted. 

[0043] The positive-lens group F1 consisted of three lenses L10, L1 1 , and L12, and arranges 
these three lenses L10, L11, and L12 in order of L10, L11, and L12 one by one toward a pupil 
surface side from the image surface side. A lens L10 is a concave lens which made the 1st page 
the flat surface, and both the lenses L1 1 and L12 are heavy-gage convex lenses. Negative-lens 
group F2A consists of concave lens [ of one sheet ] L13A. A finder diopter can be amended by 
moving this concave lens L13A in the direction of an optical axis. 

[0044] Drawing 4 is the optical-system plot plan developing and showing the composition of the 
important section of the TTL finder optical system concerning the gestalt of operation of the 3rd 
of this invention. Finder eyepiece optical-system G2of photography optical-system [ with the 
same TTL finder optical system shown in drawing 4 / as drawing 1 ] G1 and drawing 3 A 
possesses a different finder eyepiece optical-system G2B a little. The 3rd lens [ whose 
photography optical system G1 is the 1st lens group T1 and the 2nd group optical system which 
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are the 1st group optical system one by one toward a photographic subject, i.e., body, side to an 
image side ] group T3 which it reaches 2nd lens group T2 and is the 3rd group optical system is 
arranged. The 1 st lens group T1 has negative refractive power, it reaches 2nd lens group T2 and 
the 3rd lens group T3 has positive refractive power. It extracts and S moves in one with the 2nd 
lens group T2 at the time . of zooming which was prepared in the body side of the 2nd lens group 
T2 and to which a focal distance is changed. 

[0045] the 1st lens group T1 consists of three lenses L1, L2, and L3, and constitutes the 2nd 
lens group 12 from five lenses L4, L5, L6, L7, and L8 — having — the [ and ] — 3 lens groups 
T3 consist of one lens L9 The flux of light of the photography optical system G1 injected from 
the 3rd lens group T3 is led to finder eyepiece optical-system G2B. As for negative-lens group 
F2of same positive-lens group [ as drawing 1 ] F1, and drawing 3 A, finder eyepiece optical- 
system G2B has a different negative-lens group F2B a little. The positive-lens group F1 and 
negative-lens group F2B are arranged toward a pupil surface side in order of the positive-lens 
group F1 and negative-lens group F2B from an image surface side, and finder eyepiece optical- 
system G2B is constituted. 

[0046] The positive-lens group F1 consisted of three lenses L10, L11, and L12, and arranges 
these three lenses L1 0, L1 1 , and L1 2 in order of L1 0, L1 1 , and L1 2 one by one toward a pupil 
surface side from the image surface side. A lens L10 is a concave lens which made the 1st page 
the flat surface, and both the lenses L1 1 and L12 are heavy-gage convex lenses. Negative-lens 
group F2B consists of concave lens [ of one sheet ] L13B, and this concave lens L13B makes 
the aspheric surface the 1st page by the side of the body. A finder diopter can be amended by 
moving this concave lens L13B in the direction of an optical axis. 

[0047] Drawing 5 is the optical-system plot plan developing and showing the composition of the 
important section of the TTL finder optical system concerning the gestalt of operation of the 4th 
of this invention. Finder eyepiece optical-system G2of photography optical-system [ with the 
same TTL finder optical system shown in drawin g 5 / as drawing 1 ] G1 and drawing 3 A 
possesses different finder eyepiece optical-system G2C a little. The 3rd lens [ whose 
photography optical system G1 is the 1st lens group T1 and the 2nd group optical system which 
are the 1st group optical system one by one toward a photographic subject, i.e., body, side to an 
image side ] group T3 which it reaches 2nd lens group T2 and is the 3rd group optical system is 
arranged. The 1st lens group T1 has negative refractive power, it reaches 2nd lens group T2 and 
the 3rd lens group T3 has positive refractive power. 

[0048] It extracts and S moves in one with the 2nd lens group T2 at the time of zooming which 
was prepared in the body side of the 2nd lens group T2 and to which a focal distance is changed, 
the 1st lens group T1 consists of three lenses L1, L2, and L3, and constitutes the 2nd lens group 
T2 from five lenses L4, L5, L6, L7, and L8 — having — the [ and ] — 3 lens groups T3 consist 
of one lens L9 The flux of light of the photography optical system G1 injected from the 3rd lens 
group T3 is led to finder eyepiece optical-system G2C. 

[0049] Finder eyepiece optical-system G2C has different negative-lens group F2C a little from 
different positive-lens group F1A a little from drawing 1 , and negative-lens group F2A of 
drawin g 3 . Positive-lens group F1A and negative-lens group F2C are arranged toward a pupil 
surface side in order of positive-lens group F1 A and negative-lens group F2C from an image 
surface side, and finder eyepiece optical-system G2C is constituted. Positive-lens group F1A 
consisted of three lenses L10 and L1 1 and L12A, and arranges these three lenses L10 and L1 1 
and L12A in order of L10, L1 1, and L12A one by one toward a pupil surface side from the image 
surface side. A lens L10 is a concave lens which made the 1st page the flat surface, and a lens 
L1 1 and L12A are both heavy-gage convex lenses. In this case, the 1st page by the side of the 
body of heavy-gage convex lens L12A is made into the aspheric surface. 

[0050] Negative-lens group F2C consists of concave lens [ of one sheet ] L13C. A finder diopter 
can be amended by moving this concave lens L13C in the direction of an optical axis. Since an 
aspheric lens does not move at this time, change of the aberration when carrying out diopter 
amendment as compared with the case of drawing 4 is small, and ends. 
[0051] 

[Example] Next, the concrete example of the TTL finder optical system in the gestalt of the 1st 
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- the 4th operation by composition which was mentioned above is explained, respectively. The 
lens data in the 1st example which is an example concerning the gestalt of the 1st operation 
shown in drawing 1 are shown in Table 1 - 4. Table 1 is data of the photography optical system 
G1, and Table 2 is data of the finder eyepiece optical system G2. The adjustable range and Table 
4 of a variable part of Table 3 are data of the aspheric surface. 



0052] 

"Table 1] Photography optical system 




R 


D 




XT A 

N a 


v a 


1 


16. 16100 


2. 37000 




i c n c o n 

1. 69680 




2 


6. 63300 


2. 39000 








3 


-225. 40400 


0. 80000 




1. 69680 


55. 46 


4 


9. 84600 


1. 88000 








5* 


18. 31600 


1. 20000 




1. 82027 


29. 70 


6 


-851. 45500 










7 


0. 00000 


0. 50000 









8* 


9. 18900 


1. 45000 




1. 69350 


53. 20 


9 


66. 74000 


0. 10000 








10 


6. 77000 


1. 34000 




1. 60311 


60. 69 


11 


8. 57200 


1. 20000 








12 


23. 78900 


1. 63000 




1. 84666 


23.78 


i ^ 


5. 96100 


1. 24000 








1 A 


-68. 28000 


1. 14000 




1. 48749 


70.44 


1 C 


-11. 53500 


0. 10000 








1 fi 

1 D 


9. 69900 


1. 37000 




1.48749 


70.44 


1 7 
1 1 


100.23100 










1 O 


15. 31200 


1. 16000 




1.48749 


70.44 


1 Q 


149. 28900 










0053] 
Table 2 


] Finder eyepiece optical system 




R 


D 




N d 


v d 


20 


0. 00000 


1. 00000 




1. 49154 


57. 82 


21 


9. 00300 


0. 53100 








22 


27. 02600 


32. 00000 




1. 49154 


57. 82 


23 


-27. 02600 


0. 50000 








24 


27. 02600 


22. 00000 




1. 49154 


57. 82 


25 


-27. 02600 


0. 50000 








26 


12. 95500 


4. 26300 




1. 49154 


57. 82 


27 


0. 00000 


5. 00000 








28 


-13. 17500 


1. 50000 




1. 49154 


57. 82 


29 


10.51700 


12. 00000 








30 


0. 00000 




m 3 
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[0054] Having written "0.00000" in Table 1 and 2 means that radius of curvature R is infinity 
(infinity), and it shows that the field concerned is a flat surface. [ radius of curvature R ] 
therefore, the positive-lens group F1 of drawing S and the finder eyepiece optical system G2 — 
most — the concave lens L10 by the side of the real image surface — it was made most in 
agreement with the real image surface by having made the 20th page by the side of the real 
image surface into the flat surface, and arranges Moreover, as for both sides of the convex lens 
L1 1 of the positive-lens group F1 , a sign has the reverse and equal radius of curvature R 
mutually, and the sign has the reverse and equal radius of curvature R also for both sides of a 
convex lens L12 mutually. In Table 1, the spacing with the optical surface (field number) next to 
the 6th page which made Spacing D "adjustable", the 17th page, and the 19th page can be 
changed in the range of Table 3 between the wide angle edge WIDE the middle focal distance 
MEAN - a tele edge TELE, the focal distance of the photography optical system G1 shown in 
Table 3 — the wide angle edge WIDE — 5.20mm and the middle focal distance MEAN — 8.80mm 
and a tele edge TELE — 14.99mm it is . 
[0055] 



[Table 3] Adjustable range 





WIDE 


MEAN 


TELE 


6 


18.14 ~ 


7. 75 


~ 1.6 


17 


0. 6 — 


5. 31 


13. 63 


19 


8.36 


8. 46 


8. 53 




5. 20 — 


8. 80 


~ 14.99 



[0056] the 5th page and octavus side in Table 1 — a field number — "*" (asterisk) — a sign is 
attached, it is shown that the field concerned is the aspheric surface, and it has the aspheric 
surface configuration defined by giving the parameter shown in Table 4 to the formula of the 
aspheric surface of a-one number, respectively That is, the aspheric surface is not used for the 
finder eyepiece optical system G2. 
[0057] 
[Equation 1] 

CY 2 

X= iA4Y 4 UfiY 6 iA«Y 8 4A 1 0 Y 10 

1+V1-U + K)C 2 Y 2 

C=1/R [0058] 



[Table 4] Aspheric surface 



ffl 


K 


A 4 


A 6 


A 8 


A 1 0 


5 


1.31712 


1. 61687E-04 


-5. 24932E-06 


4. 02803E-07 


-9. 24138E-09 


6 


-0. 73713 


-6. 46089E-06 


-3. 23545E-07 


4. 89215E-08 





The aberration view in the 1st example is shown in drawing 6 - drawing 8 . In drawing 6 - drawing 
8 , a dashed line shows sine condition and solid lines C, d, and F show each spectral line of C line 
with a wavelength of 656.28nm, d line with a wavelength of 587.56nm, and an F line with a 
wavelength of 486.1 3nm, respectively. 

[0059] The aberration view in which, as for drawing 6 , photography optical system shows [ the 
half-field angle omega ] each aberration of the spherical aberration at the time of being 27.3 
degrees, astigmatism, and distortion aberration at the wide angle edge WIDE, and drawing 7 The 
aberration view in which photography optical system shows each aberration of spherical 
aberration in case the half-field angle omega is 16.5 degrees with the middle focal distance 
MEAN, astigmatism, and distortion aberration, and drawing 8 Photography optical system is the 
aberration view in which the half-field angle omega shows each aberration of the spherical 
aberration at the time of being 9.8 degrees, astigmatism, and distortion aberration in a tele edge 
TELE. It turns out that aberration is well amended also in any of drawing 6 - drawing 8 . 
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[0060] Next, the lens data in the 2nd example which is an example concerning the gestalt of the 
2nd operation shown in drawing 3 are shown in Table 5-8. Table 5 is data of the photography 
optical system G1, and is completely the same as Table 1. Table 6 is data of finder eyepiece 
optical-system G2A in the 2nd example, and is different a little in Table 2. The adjustable range 
and Table 8 of a variable part of Table 7 are data of the aspheric surface. 
0061] 



tk; ^b- s. 




rj 
u 




N d 


y d 


1 


ID. 101 uu 


£> . O f K) U U 






55. 46 


2 


c c o o n r\ 


O 9 Q ft n fl 

. o y u uu 








3 


ooc a n A ft f\ 

-Lav. 404UU 


n q n ft n a 

U . oUU Ul) 




1 GQGfifl 
1 . □ o 0 O U 


Ju. 4U 


4 


n o a c ft n 

9. 84600 


i q q ft n ft 
1 . oo U UU 








5* 


18. 31600 


1 . <SUU UU 




1 ft 9 ft 97 
1 . 0_U_< / 


9Q 7 n 


6 


-85 1 . 4550 0 


RJ i£ 








7 


n rt A A ft A 

0. 00000 


a rr n ft rt n 
U . 5UU UU 








8* 


9. 18900 


1. 45000 




1 CQQCn 

1. byooU 


rq Oft 
DO. _U 


9 


66. 74000 


A 1 A A ft ft 

0. 10000 








10 


6. 77000 


1 . 340 00 




1 . bOo i 1 


eft en 
OU. 0 3 


1 1 












12 


23. 78900 


1. 63000 




1. 84666 


23.78 


13 


5. 9610O 


1. 24000 








14 


-68. 2800O 


1. 14000 




1. 48749 


70.44 


15 


-11. 53500 


0. 10000 








16 


9. 69900 


1. 37000 




1. 48749 


70.44 


17 


100. 2310O 










18 


15. 31200 


1. 16000 




1. 48749 


70.44 


19 


149. 28900 


*12L 









[0062] 

[Table 6] finder eyepiece optical-system < — IMG solvent refined 
coal="/NSAPITMP2/web340/IMAGE/200310061 1 1332314403.gif" 
"416"HEIGHT="242"ALT=" ID=000009" — > 



— WIDTH= — 



[0063] It sets to Table 5 and 6 as well as the case of Table 1 and 2, and is radius of curvature 
R= 0.00000. Radius-of-curvature R=infinity is meant and it is shown that the field concerned is a 
flat surface, therefore, the positive-lens group F1 of drawing S and the finder eyepiece optical 
system G2 — most — the concave lens L10 by the side of the real image surface — it was 
made most in agreement with the real image surface by having made the 20th page by the side 
of the real image surface into the flat surface, and arranges Moreover, as for both sides of the 
convex lens L1 1 of the positive-lens group F1, a sign has the reverse and equal radius of 
curvature R mutually, and the sign has the reverse and equal radius of curvature R also for both 
sides of a convex lens L12 mutually. 

[0064] In Table 5, the spacing with the optical surface next to the 6th page which made Spacing 
D "adjustable", the 17th page, and the 19th page can be changed in the range of Table 7 
between the wide angle edge WIDE the middle focal distance MEAN - a tele edge TELE, the 
focal distance of the photography optical system G1 shown in Table 7 — the wide angle edge 
WIDE — 5.20mm and the middle focal distance MEAN — 8.80mm and a tele edge TELE — 
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14.99mm it is 
[0065] 



[Table 7] Adjustable range 





WIDE 


MEAN 


TELE 


6 


18.14 ~ 


7. 76 


~ 1.6 


17 


0. 6 ~ 


5. 31 


13.63 


19 


8.36 ~ 


8. 46 


8.53 




5. 20 ~ 


8. 80 


~ 14.99 



[0066] In Table 5, it has the aspheric surface configuration defined by giving the parameter 
shown in Table 8 to the formula of the aspheric surface of a-one number, respectively about the 
5th page and octavus side which gave "*" to the field number and showed that the field 
concerned was the aspheric surface. Since photography optical system is completely the same 
as that of the 1st example in the case of this 2nd example, Table 8 is completely the same as 
Table 4. 
[0067] 



[Table 8] Aspheric surface 



B 


K 


A 4 


A 6 


A 8 


A 1 0 


5 


1. 31712 


1.61687E-04 


-5. 24932E-06 


4. 02803E-07 


-9. 24138E-09 


8 


-0. 73713 


-6. 46089E-06 


-3. 23545E-07 


4.89215E-08 





[0068] The aberration view in the 2nd example is shown in drawing 9 - drawing 1 1 . The 
aberration view in which, as for drawing 9 , photography optical system shows [ the half-field 
angle omega ] each aberration of the spherical aberration at the time of being 27.3 degrees, 
astigmatism, and distortion aberration at the wide angle edge WIDE, and drawing 10 The 
aberration view in which photography optical system shows each aberration of spherical 
aberration in case the half-field angle omega is 1 6.5 degrees with the middle focal distance 
MEAN, astigmatism, and distortion aberration, and drawing 11 Photography optical system is the 
aberration view in which the half-field angle omega shows each aberration of the spherical 
aberration at the time of being 9.8 **, astigmatism, and distortion aberration in a tele edge TELE. 
Also in any of drawing 9 - drawing 1 1 , it turns out that aberration is amended good. 
[0069] The lens data in the 3rd example which is an example concerning the form of the 3rd 
operation shown in drawing 4 are shown in Table 9-12. Table 9 is data of the photography 
optical system G1, and is completely the same as Table 1. Table 10 is data of finder eyepiece 
optical-system G2B in the 3rd example, and is different a little in Table 2. The adjustable range 
and Table 12 of a variable part of Table 1 1 are data of the aspheric surface. 
[0070] 

[Table 9] Photography optical system 
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R 


D 




N d 


v d 


1 


16. 16100 


2. 37000 




1. 69680 


55. 46 


2 


6. 63300 


2. 39000 








3 


-225. 40400 


0. 80000 




1.69680 


55.46 


4 


9. 84600 


1. 88000 








5* 


18. 31600 


1. 20000 . 




1. 82027 


29. 70 


6 


-851. 45500 










7 


0. 00000 


0. 50000 








8* 


9. 18900 


1. 45000 




1. 69350 


53.20 


9 


66. 74000 


0. 10000 








10 


6. 77000 


1. 34000 




1. 60311 


60. 69 


11 


8.57200 


1. 20000 








12 


23. 78900 


1. 63000 




1. 84666 


23. 78 


13 


5. 96100 


1. 24000 








14 


-68. 28000 


1. 14000 




1. 48749 


70.44 


15 


-11. 53500 


0. 10000 








16 


9. 69900 


1. 37000 




1.48749 


70. 44 


17 


100. 23100 


aim 








18 


15. 31200 


1. 16000 




1.48749 


70.44 


19 


149. 28900 











[0071] 

[Table 10] Finder eyepiece optical system 





R 


D 




N d 


v d 


20 


0. 00000 


1. 00000 




1. 49154 


57. 82 


21 


6. 9690O 


0.56800 








22 


16. 40500 


32. 00000 




1. 49154 


57. 82 


23 


-16. 40500 


0.50000 








24 


16. 40500 


22. 00000 




1. 49154 


57. 82 


25 I 


-16. 40500 


3. 50000 








26* 


-4. 32000 


1. 00000 




1.49154 


57. 82 


27 


-10. 00500 


12. 00000 








28 


0. ooooo 




mm 







[0072] It sets to Table 9 and 10 as well as the case of Table 1 and 2, and is radius of curvature 
R= 0.00000. Radius-of-curvature R=infinity is meant and it is shown that the field concerned is a 
flat surface, therefore, the positive-lens group F1 of drawing S and the finder eyepiece optical 
system G2 — most — the concave lens L10 by the side of the real image surface — it was 
made most in agreement with the real image surface by having made the 20th page by the side 
of the real image surface into the flat surface, and arranges Moreover, as for both sides of the 
convex lens L1 1 of the positive-lens group F1, a sign has the reverse and equal radius of 
curvature R mutually, and the sign has the reverse and equal radius of curvature R also for both 
sides of a convex lens L12 mutually. 
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[0073] In Table 9, the spacing with the optical surface next to the 6th page which made Spacing 
D "adjustable", the 17th page, and the 19th page can be changed in the range of Table 11 
between the wide angle edge WIDE the middle focal distance MEAN - a tele edge TELE, the 
focal distance of the photography optical system G1 shown in Table 11 — the wide angle edge 
WIDE — 5.20mm and the middle focal distance MEAN — 8.80mm and a tele edge TELE — 
14.99mm it is . 
[0074] 



[Table 11] Adjustable range 





WIDE 


MEAN 


TELE 


6 


18.14 ~ 


7. 76 


— 1. 6 


17 


0. 6 


5. 31 


13.63 


19 


8. 36 


8. 46 


- 8. 53 




5.20 ~ 


8. 80 


~ 14.99 



[0075] In Table 9 and 10, it has the aspheric surface configuration defined by giving the 
parameter shown in Table 12 to the formula of the aspheric surface of a-one number, 
respectively about the 5th page which gave "*" to the field number and showed that the field 
concerned was the aspheric surface, an octavus side, and the 26th page. Since photography 
optical system is completely the same as that of the 1st example in the case of this 3rd 
example, about the 5th page and octavus side in Table 9, it is the same as that of Table 4. 
namely, the 26th page which is a field by the side of the body of concave lens L13B which 
constitutes negative-lens group F2B's of finder eyepiece optical-system G2B — the aspheric 
surface — carrying out — much more — aberration — good — an amendment — it is made like 



[0076] 



[Table 12] Aspheric surface 



E 


K 


A 4 


A 6 


A 8 


A 1 0 


5 


1. 31712 


1. 61687E-04 


-5. 24932E-06 


4. 02803E-07 


-9.24138E-Q9 


8 


-0. 73713 


-6. 46089E-06 


-3. 23545E-07 


4. 89215E-08 




26 


-0. 72427 


3. 99980E-04 


3. 28909E-06 







[0077] The aberration view in the 3rd example is shown in drawing 12 - drawing 14 . The 
aberration view in which, as for drawing 12 , photography optical system shows [ the half-field 
angle omega ] each aberration of the spherical aberration at the time of being 27.3 degrees, 
astigmatism, and distortion aberration at the wide angle edge WIDE, and drawing 13 The 
aberration view in which photography optical system shows each aberration of spherical 
aberration in case the half-field angle omega is 16.5 degrees with the middle focal distance 
MEAN, astigmatism, and distortion aberration, and drawing 14 Photography optical system is the 
aberration view in which the half-field angle omega shows each aberration of the spherical 
aberration at the time of being 9.8 **, astigmatism, and distortion aberration in a tele edge TELE. 
Also in any of drawing 12 - drawing 14 , it turns out that aberration is amended good. The lens 
data in the 4th example which is an example concerning the gestalt of the 4th operation shown 
in drawing 5 are shown in Table 13-16. Table 13 is data of the photography optical system G1, 
and is completely the same as Table 1. Table 14 is data of finder eyepiece optical-system G2C 
in the 4th example, and is different a little in Table 2. The adjustable range and Table 16 of a 
variable part of Table 15 are data of the aspheric surface. 
[0078] 

[Table 13] Photography optical system 
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R 


D 




N d 


v d 


1 


16. 16100 


2. 37000 




1. 69680 


55.46 


2 


6. 63300 


2. 39000 








3 


-225. 40400 


0. 80000 




1. 69680 


55.46 


4 


9. 84600 


1. 88000 








5* 


18. 31600 


1. 20000 




1. 82027 


29.70 


6 


-851. 45500 










7 


0. OOOOO 


0. 50000 








8* 


9. 18900 


1. 45000 




1. 69350 


53. 20 


g 


66. 74000 


0. 10000 








10 


6. 77000 


1. 3400O 




1. 60311 


60. 69 


1 1 


8. 57200 


1. 20000 








12 


23. 78900 


1. 63000 




1. 84666 


23.78 


13 


5. 96100 


1. 24000 








14 


-58. 28000 


1. 14000 




1.48749 


70.44 


15 


-11. 53500 


0. 10000 








16 


9. 69900 


1. 37000 




1.48749 


70.44 


17 


100. 23100 










18 


15. 31200 


1. 16000 




1. 48749 


70.44 


19 


149. 28900 


pI^ 








[0079] 

[Table 14] Finder eyepiece optical system 




R 


D 




N d 


v d 


20 


0. OOOOO 


1. OOOOO 




1.49154 


57. 82 


21 


7. 199 


0. 576 








22 


18. 82100 


32. 00000 




1. 49154 


57.82 


23 


-18. 82100 


0. 50000 








24* 


17. 03400 


22. 00000 




1. 49154 


57. 82 


25 


-18. 82100 


5. 50000 








26 


-15. 87300 


1. OOOOO 




1.49154 


57. 82 


27 


23. 88100 


12. 00000 








28 


0. 00000 




IS LB 







[0080] It sets to Table 13 and 14 as well as the case of Table 1 and 2, and is radius of curvature 
R= 0.00000. Radius-of-curvature R=infinity is meant and it is shown that the field concerned is a 
flat surface, therefore, the positive-lens group F1 of drawing S and finder eyepiece optical- 
system G2C — most — the concave lens L10 by the side of the real image surface — it was 
made most in agreement with the real image surface by having made the 20th page by the side 
of the real image surface into the flat surface, and arranges Moreover, as for both sides of the 
convex lens L11 of the positive-lens group F1, a sign has the reverse and equal radius of 
curvature R mutually, and one field of a convex lens L12 also has the radius of curvature R with 
equal both sides and absolute value of a convex lens L1 1 . 
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[0081] In Table 13, the spacing with the optical surface next to the 6th page which made 
Spacing D "adjustable", the 17th page, and the 19th page can be changed in the range of Table 
15 between the wide angle edge WIDE the middle focal distance MEAN - a tele edge TELE, the 
focal distance of the photography optical system G1 shown in Table 15 — the wide angle edge 
WIDE — 5.20mm and the middle focal distance MEAN — 8.80mm and a tele edge TELE — 
14.99mm it is . 
[0082] 



[Table 15] Adjustable range 





WIDE 


MEAN 


TELE 


6 


18.14 — 


7. 76 


1. 6 


17 


0. 6 — 


5. 31 


- 13.63 


19 


8.36 


8. 46 


8. 53 


ft j& IB IK (mm) 


5.20 


8. 80 


14.99 



[0083] In Table 13 and 14, it has the aspheric surface configuration defined by giving the 
parameter shown in Table 1 6 to the formula of the aspheric surface of a-one number, 
respectively about the 5th page which gave "*" to the field number and showed that the field 
concerned was the aspheric surface, an octavus side, and the 24th page. Since photography 
optical system is completely the same as that of the 1st example in the case of this 4th 
example, about the 5th page and octavus side in Table 1 2, it is the same as that of Table 4. 
namely, the 24th page which is a field by the side of the body of heavy-gage convex lens L12A 
by the side of the pupil surface of positive-lens group F1A of finder eyepiece optical-system 
G2C — the aspheric surface — carrying out — much more — aberration — good — an 
amendment — it is made like 
[0084] 



[Table 1 6] Aspheric surface 



ffi 


K 


A 4 


A 6 


A 8 


A 1 0 


5 


1.31712 


1. 61687E-04 


-5. 24932E-06 


4. 02803E-07 


-9. 24138E-09 


8 


-0. 73713 


-6. 46089E-06 


-3. 23545E-07 


4. 89215E-08 




24 


-0. 72070 


-1. 29141E-05 


-1. 40107B-07 







[0085] The aberration view in the 4th example mentioned above to drawing 15 - drawing 17 is 
shown. The aberration view in which, as for drawing 15 , photography optical system shows [ the 
half-field angle omega ] each aberration of the spherical aberration at the time of being 27.3 
degrees, astigmatism, and distortion aberration at the wide angle edge WIDE, and drawing 16 The 
aberration view in which photography optical system shows each aberration of spherical 
aberration in case the half-field angle omega is 16.5 degrees with the middle focal distance 
MEAN, astigmatism, and distortion aberration, and drawing 17 Photography optical system is the 
aberration view in which the half-field angle omega shows each aberration of the spherical 
aberration at the time of being 9.8 **, astigmatism, and distortion aberration in a tele edge TELE. 
Also in any of drawing 15 - drawing 17 , it turns out that aberration is amended good. 
[0086] The finder eyepiece optical system G2 in the 1st - the 4th example which were 
mentioned above, and the overall length of G2 A-G2C, The photography optical system in each 
The wide angle edge WIDE, the middle focal distance MEAN, and the finder scale factor of a tele 
edge TELE (image scale factor), the negative-lens group F2, the lens L14 for diopter amendment 
of the lens of F2 A-F2C, and the travel (the body side from +1 mmrcriteria position — every 1 mm 
— ) of L13 A-L13C - the pupil surface side from 1 mmrcriteria position — 1mm every — the 
amount of diopter amendments of the receiving finder diopter (Dptr : diopter) is shown in Table 
17 

[0087] 
[Table 17] 
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7 7 4 




m&ffi&M (Dptr) 


— 1 hud * 


+ 1 mm* # 


mmm 


7 9. 2 9 4 mm 


WIDE 


0.3 4 


— 5. 9 8 


+ 8. 4 1 


MEAN 


0.5 8 


TELE 


0. 9 9 


m2<D 

mmm 


7 1.41 6mm 


WIDE 


0.3 4 


- 3. 0 3 


+ 4. 10 


MEAN 


0. 58 


TELE 


0.9 9 


mmm 


7 4. 5 7 6mm 


WIDE 


0.3 4 


O 1 o 

— 3. 13 


+ 3. 9 1 


MEAN 


0. 58 


TELE 


0.9 9 


mmm 


7 2. 5 6 8mm 


WIDE 


0. 3 4 


-2. 3 2 


+ 2. 7 6 


MEAN 


0. 58 


TELE 


0.9 9 



[0088] (the body side from a **:"-" criteria position — movement and pupil surface side HE 
movement from "+" criteria position) according to Table 17 Even if it uses the short image pck- 
up optical system of a focal distance, the overall length of the finder eyepiece optical system G2 
and G2 A-G2C as sufficient length for image reversal And even if photography optical system is 
in which situation of the wide angle edge WIDE, the middle focal distance MEAN, and a tele edge 
TELE, it turns out that the high finder scale factor has been obtained. The finder eyepiece 
optical system combined with the short photography optical system of a focal distance can be 
devised, a high finder scale factor can be secured, and it can carry out [ in / TTL finder optical 
system / as mentioned above ] as / lengthen / the true length for image reversal / moreover ]. 
[0089] Furthermore, since the lens which has the flat surface made in agreement with the real 
image surface is included, the display information at the time of photography can be offered by 
the low cost using the flat surface concerned. Moreover, the finder eyepiece optical system G2 
and G2 A-G2C are constituted from a positive-lens group F1, F1A and the negative-lens group 
F2, and F2 A-F2C. As the positive-lens group F1 and F1 A are constituted from combination of a 
positive lens and a negative lens and the negative-lens group F2 and F2 A-F2C are constituted 
from the combination or the single negative lens of a positive lens and a negative lens, it can 
consider as the TTL finder optical system by which aberration amendment was carried out 
appropriately. 

[0090] The manufacturing cost of TTL finder optical system can be lowered by moreover making 
the finder eyepiece optical system G2 and the heavy-gage convex lenses L1 1 and L12 of G2 A- 
G2C into the convex lens of a symmetrical configuration. It can consider as the TTL finder 
optical system with which much more good aberration amendment was given further again by 
using an aspheric lens for positive-lens group F1 A and negative-lens group F2B. Moreover, while 
fully separating an exit-pupil position from the image surface and securing a back focus long 
enough, even if it is bright at a high field angle and uses the photography optical system which 
makes it possible to obtain a big variable power ratio, a high finder scale factor is securable. 
[0091] 

[Effect of the Invention] It is the TTL finder optical system which carries out direct observation 
of the real image which was described above, and which carried out image formation with 
photography optical system like according to this invention. The finder eyepiece optical system 
arranged between the real-image image formation sides and pupil surfaces by the 
aforementioned photography optical system By constituting the lens near [ by the 
aforementioned photography optical system of the one or more lenses which consist of the 
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positive-lens groups and negative-lens groups which consist of one or more lenses, respectively, 
and constitute the aforementioned positive-lens group ] the real-image image formation side 
from a negative lens Even if the focal distance of the photography optical system as an objective 
lens is short and an image reversal system exists in the optical path of the finder eyepiece 
optical system between a real-image image formation side and a pupil surface, the TTL finder 
optical system which can obtain a high finder scale factor can be offered. 

[0092] According to the TTL finder optical system of the claim 2 of this invention, few aberration 
is realizable with a low manufacturing cost especially by constituting the negative-lens group of 
finder eyepiece optical system only from a negative lens of one sheet, considering as the 
composition whose negative-lens group of finder eyepiece optical system contains the negative 
lens which formed the 1st [ at least ] page in the aspheric surface according to the TTL finder 
optical system of the claim 3 of this invention — especially — suitable — an aberration 
amendment — things become possible According to the TTL finder optical system of the claim 4 
of this invention, the positive-lens group of finder eyepiece optical system can realize much 
more good aberration amendment by including the lens which formed the 1 st [ at least ] page in 
the aspheric surface. 

[0093] According to the TTL finder optical system of the claim 5 of this invention, when the 
absolute value of the radius of curvature of the convex in which the positive-lens group of finder 
eyepiece optical system forms a convex lens contains the equal convex lens of one or more 
sheets, it becomes reducible [ a manufacturing cost ] especially. It becomes possible to observe 
a photographic subject image equivalent to the time of photography by the low cost especially by 
considering as the composition which makes a flat surface the 1st page of the lens arranged by 
approaching most the real-image image formation side by photography optical system among one 
or more lenses which constitute the positive-lens group of finder eyepiece optical system, and 
makes the field concerned in agreement with the real image surface according to the TTL finder 
optical system of the claim 6 of this invention. 

[0094] according to the TTL finder optical system of the claim 7 of this invention, at least one 
lens with which the negative-lens group of finder eyepiece optical system makes it move in the 
direction of an optical axis, and amends a finder diopter is included — especially easy 
composition — suitable — a finder diopter — an amendment — things are made According to 
the TTL finder optical system of the claim 8 of this invention, photography optical system The 
1 st group optical system which has negative refractive power one by one toward an image side 
from a body side, While forming drawing which arranges the 3rd group optical system which has 
the 2nd group optical system and the positive refractive power which have positive refractive 
power, and moves to the body side of the above-mentioned 2nd group optical system at the 2nd 
group optical system and one at the time of zooming By the 1st group optical system's moving 
an optical-axis top to an image side first, and reversing the move direction to a body side on the 
way on the occasion of zooming from a wide angle edge to a tele edge an image side — the 
convex arc of a convex — moving — change of a focal position — amending — the 2nd group 
optical system — an optical-axis top — a body side — monotonous — moving — variable 
power — carrying out — the [ and ] — 3 group optical system By moving an optical-axis top to 
a body side first, and reversing the move direction to an image side on the way It moves to the 
convex arc of a convex and variable power is performed to a body side, the focal distance of the 
Mth group optical system (M=1-3) fM, It is bfW about the distance of the last lens side of the 3rd 
group optical system and the image surface in a wide angle edge. These are condition: (1) when 
carrying out. 2.4<|f1 |/fW <2.6 (f1 <0) [ in / fW and a wide angle edge / for the synthetic focal 
distance of the whole system ] 

(2) f3 /fW <6.8 (f3 >0) 

(3) 0.37<f2 /f3 <0.41 (f2 >0,f3 >0) 

(4) While fully being able to separate an exit-pupil position from the image surface and being able 
to secure a back focus long enough as photography optical system by including the zoom optical 
system with which are satisfied of 1.75<bfW / fW, even if it is bright at a high field angle and 
uses the optical system of a big variable power ratio, a high finder scale factor is securable. 
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[Translation done.] 
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* NOTICES * 

Japan Patent Off ic is not responsibl for any 
damages caused by the us of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the optical-system plot plan developing and showing the arrangement 
composition of the optical system of the TTL finder optical system concerning the gestalt of 
operation of the 1st of this invention. 

[Drawing 2] It is the perspective diagram showing typically the composition of the important 
section in the state where the TTL finder optical system of drawing 1 was actually built into the 
camera. 

[Drawing 3] It is the optical-system plot plan developing and showing the arrangement 
composition of the optical system of the TTL finder optical system concerning the gestalt of 
operation of the 2nd of this invention. 

[Drawing 4] It is the optical-system plot plan developing and showing the arrangement 
composition of the optical system of the TTL finder optical system concerning the gestalt of 
operation of the 3rd of this invention. 

[Drawing 5] It is the optical-system plot plan developing and showing the arrangement 
composition of the optical system of the TTL finder optical system concerning the gestalt of 
operation of the 4th of this invention. 

[Drawing 6] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 1 st example of the TTL finder optical system of drawing 1 , astigmatism, and 
distortion aberration. 

[Drawing 7] It is the aberration view showing the spherical aberration in the middle focal distance 
concerning the 1st example of the TTL finder optical system of drawin g 1 , astigmatism, and 
distortion aberration. 

[Drawing 8] It is the aberration view showing the spherical aberration in the tele edge concerning 
the 1st example of the TTL finder optical system of drawing 1 , astigmatism, and distortion 
aberration. 

[Drawing 9] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 2nd example of the TTL finder optical system of drawing 3 , astigmatism, and 
distortion aberration. 

[Drawing 10] It is the aberration view showing the spherical aberration in the middle focal 
distance concerning the 2nd example of the TTL finder optical system of drawin g 3 , 
astigmatism, and distortion aberration. 

[Drawing 1 1] It is the aberration view showing the spherical aberration in the tele edge 
concerning the 2nd example of the TTL finder optical system of drawing 3 , astigmatism, and 
distortion aberration. 

[Drawing 12] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 3rd example of the TTL finder optical system of drawing 4 , astigmatism, and 
distortion aberration. 

[Drawing 13] It is the aberration view showing the spherical aberration in the middle focal 
distance concerning the 3rd example of the TTL finder optical system of drawing 4 , astigmatism, 
and distortion aberration. 

[Drawing 14] It is the aberration view showing the spherical aberration in the tele edge 
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concerning the 3rd example of the TTL finder optical system of drawing 4 , astigmatism, and 
distortion aberration. 

[Drawing 15] It is the aberration view showing the spherical aberration in the wide angle edge 
concerning the 4th example of the TTL finder optical system of drawing 5 , astigmatism, and 
distortion aberration. 

[Drawing 16] It is the aberration view showing the spherical aberration in the middle focal 
distance concerning the 4th example of the TTL finder optical system of drawing 5 , astigmatism, 
and distortion aberration. 

[Drawing 17] It is the aberration view showing the spherical aberration in the tele edge 

concerning the 4th example of the TTL finder optical system of drawing 5 , astigmatism, and 

distortion aberration. 

[Description of Notations] 

G1 Photography optical system 

G2, G2A, G2B, G2C Finder eyepiece optical system 

T1 The 1st lens group 

T2 The 2nd lens group 

T3 The 3rd lens group 

F1, F1A Positive-lens group 

F2, F2A, F2B, F2C Negative-lens group 

L1-L14, L13A, L13B, L13C Lens 

RM Optical faculty material 



[Translation done.] 
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|?}Tt\ *M»3t^» (M=l~3) ©*L6ffi««rf 



b f, k-t&i:*. Ztlb&Seft : 

(1) 2. 4< I £, I /f, <2. 6 (f , <0) 

(2) f 3 /f w < 6. 8 (f 3 >0) 

(3) 0. 37<f 2 /f 3 <0. 41 (f 2 >0, f 3 
>0) 

(4) 1. 75<bf,/f, 

*S«jei-5X-A3t#»*-^trr i *#*i:-f-5l* ** 
l~7©5*)©V>f^liSt12i©TTL77-< >^ 

[000 1] 

BSit^fcJ: OI^tSTTL (Throughthe Taking Le 
ns ) #^©TTL77-f V^xACjifl^TTL 

77^ymsi^t5t^5„ 

[0 0 0 2] 

^ttfcSr, 0d*.tfCCD 

/HB«0 ifcttKiWffc (A-f-HHfc) ©BHfc7*-**r 
#r, IC (A«IeIS&) A-K*fciitffd-7Byf- 

fti*t-#S.boofc5„ IC*-KirLT 
I3» PCMC I A (Personal Computer Memory Card In 
ternational Association : PC^^DA-KiiSI 

#) ofeic*-Kt*5Pc*- k«s— 
fflv.>e,^rv^„ 

[0 0 0 3] r GQigcD-rv^A-*^ 7ldte, ^tfir^A- 

7 (-11^71/77^*^7) (D^^-C— *5it>*7t^* 
^S^lCLr, t=V 7<0«figSB D a Q ?rSa^-iiA/ 

HZtt&#}*:m<o-b<ok. itA^7i^i75wyv ! 77 
>y-kyx-/^ y^^cDn^^^^ b**7izmm-r 

5 JtSS^/J^co t> © t & & Z> o 

[0 0 0 4] — Tjs 3E3t£C90!l;il;f 3 5mm^^7^/UA«- 
^ffi■t•5V^*?^^5 3 5mmU>Xi/-r y $ f] * 7^cO=> 
h*^7-^-SSl'7 1/j/7^*^7l^ttM 

ipfcbfct), ^ ol^fi. ^(OmBit (X— Aifc) ^rfe 
^U7c(3-r5C t^fffcixrv^c i:^^>r-. #11*^ 
7l-^VNe,ix-5 7 7-r >^->^Xix<7>9*>, *t^5t#» 

*r^Lrfi]ffl#o«*ttti-5iiife^:7 r-f >y->^7- 
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[0 0 0 5] *©i?*TTL77^>mSli, 31 
3fe<£>—' esj*s#gB¥5 - 3 4 1 1 8 7#^#!^^^ixTV^ 

5„ wra^ 5-341187 ^m^^ti±m^y 

©JB#r;*J&«K>JiSl*, *0>JB$MJ&8roS|S2#» I© 
mffit>$:&'?m3m. !EcQg^£i$oSj5 4l¥£iaLT 
*D, ±EM%u>"Xt;:± 9±E^il4i^,^_biEgIguv 
Xi<7>Ppmc||{g!£&Ng^$-t^^ SEKu-^XSr^UrilBSI 

ap*J0^5««aC^S:, JB 4p3r^l>j$-y:S r i R: ± 
[0 0 0 6] 4f PJ¥ 5-3 4 1 1 8 7 #^#fc»4, 

OS^SrJ^ou^X^Sr«figL, &lgu>XfcIE<E>ffi 
i^^LT^-So 
[0 0 0 7] 

V\, L^Ui^f,, li|Lfc#fj§¥5-3 4 1 1 8 7f 

T-£ftV\ TTL77^^mSK, *MB3t*3*£7 
[0 0 0 8] tto*>, TTL77-f^*»©rt) 

r^r-f V^SSEft^J t»LTV^„ TTL 



[0 0 0 9] *$6WM\ ±«Lfc*«fcJ6*Tfc$il,fc 
< lo^Si i 1 1 1 ©0© 7 7 ^ J"^85SR#¥3R 
&f5rii5T-#5TTL77'f 

r i^tf^l (DHfti: LTV^5i «^©«*S2© 
gftte, tC, ffiV^Mii^* hT-lK3t<D'>fr^TTL:7 

> &m&-f S C i: K & « . 

[oo'io] *^^<ois*^4«7>ewtt, — s&$?fc«K 

i*]E^SL#5TTL77^ 

* h©IM^«tt5TTL77^ >^*^*«r»« 

[0 0 11] *38M<Olll*3B7©SWt±. 4*fc, flf¥fc 
*M«JI^7 7'f >^giijEL#5TTL7 7^ 

T^Sirttt, *5BW*-CW5<, *#*«ffiFifc<Ojt^ 

5TTL77-f y^^SrlfttSrif^S, 
[0 0 12] 

[BRJHSr«P8ti-5fcit><0^a] W#JSlfc:aE*Ufc:«6 
Wt«5TTL77-om*tt, jb»Ufc BttSrS 

SUtiT TL 7 T-T y^WrkcT, iHME**£3fc 
^35 «fc 5 H^M^ffi i: b <ot^\zMM $ 7 x 

jEu>XWt*u^X*tT?fl|ji!lU, BASE'S t^Xpfc 
«j*-f-« 1 &£l±<v u- yX© 5 *>©mjE»«3t^3R»c J: 
5*iitiifi§© u >x^r* u >XT-ifilufc 

[0013] tt*JS 2 KEtt TTL7 

So »*«3fc8E«l,fc*38M»::«5TTL7TW>'^ 
jfe^^tt, 77-< y/awt^Rrotu-vXHiJ. '>/»t 
< ttlffi^^BJ-^UfcftuvX^tfr i:Sr# 
t!!i:UTV^So If *94 l;|2f Lfc*I^t#5 T T L 

[0 0 14] »*5l5^SB*Lfc*ISM»Cff5TTL7 

T-oyft^miz. 7 7-c v^»ib***<ojeu>x« 

au>XSr^i-SdbHW*^S<?5^ffl^b 
v^ltfeitii^dbu-vX^-^tfr i?r#^i LtvnSo If 
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[0.0 1 5] »*5l7^IS*L^*3BMfc«5TTL7 

[0 0 16] «*g8fciE«LJfc#SSI3!K^5TTL7 
^oTJ®^, f<Ol^Mf5IlS3tfS, EOS 
3fM£9£3R«:EU _bEJR2W3t**©4»#(B»-» X- 

»»UT3E#S:m\ #M#3fcS*3R (M=l~3) ©JS 

, . i£fl*fcfcttS#3W3fc^*W*il*uvXiBiffeffi 
ir<£>£ggf£b f „ ttStt, :it6#*#: 

(1) 2. 4 < I f , I /f , < 2. 6 (f , < 0) 

(2) f , / f, <6. 8 (f 3 >0) 

(3) 0. 37<f 2 /f 3 <0. 41 ( f 2 > 0 , f 3 
>0) 

(4) 1 . 75<bf,./f, 
[0 0 17] 

[flMS] i"?i*3*5, «^Oil*fll:J:5TTL77 
glit5 T T L 7 7 ^ V^¥ST-fcc t, 

* *ti?tn&ejL±<t>i' 

[0 0 18] *«BO»*9[2i:J:5TTL77'f^ 
*u>Xeo*Tr*/*i-S. :«J:54iJ«£J:9. » 



5. **efi©»#*3fc:J:3TTL7T>r>*''Jte£5R 

[0 0 19] *J6WO»*54fci5TTL77'f >^ 

< fc % 1 BnSr^ifcififcJgfifc bfc u^XSr^tf. 
[0 0 2 0] r©J:5ft#riJl;:£9. 

i5, WK, »jft = ^ h©fiiJ«!4SBII6t*i. 
[0 0 2 1] *^BJ<Dtf*^6l'£-5TTL7T-< 

fcLjaolSRESrSlfcEi:— 

[0 0 2 2] $58 7Ci5TTL7 7 ^>^ 

7t^«. 77^ >^as^*<oAw->x»*s, 

*4iSfeiSII:7 7-1' >y»««r*jE-f-5r tiflS-C* 
5. 

[0 0 2 3] *^roS*98t£5TTL77^^ 

f 5 * 2 *J i t>*E «?JB*f 7J Sr 5 $g 3 Uit^ 

**:EU JblB*2»3e^»©<l*#«fc. X-5>;/B# 
HI 2 i&Tfc^m £ -m^®M-i-Zgi 9 5 t 1 t> 

fc. £MA^SaiS'-CX-5 y^CISL^ JBl#3t 

wu 7i6#± £ * -rvo#m^&m l . i^x«^^t 

T»S£fTV\ *BM»3fc^5R (M= 1-3) <OM&Mm 

A*Bfc*J»t5JB3»3t^3RO*J»uvXffii:tftffiJt©E 
I*bf, tt^tt. r*be>36S*«=: 

(1) 2. 4 < I f ; |/f, <2. 6 (f, <0) 

(2) f j / f, < 6. 8 (f 3 >0) 

(3) 0. 37<f 2 /f 3 <0. 41 (f 2 >0, f 
3 > 0) 

(4) 1 . 75<bf,/f, 
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[0 0 2 4] :©i54ifiSl:J:5, 

V^«*Sr««"r 5 r 4: #T?# S 0 
[0 0 2 5] 

Sr#ILT**§!OTT L7 7 ^f ^«***I**fcltt 
Wt5. Hl*5J:tfBI2tt, l oSWSojgffi 

5 e Hltt, T T L 7 7^ IT 
*i-#*SE«EL *UTia2tt, il^)TTL77^ 

[0 0 2 6] WTORWK*5V^T«ffli-alB#o). R, 

R : 

v d : UVX^S^ttSh^Ts^Sc 

[0 0 2 7] ro«t^>»»T?Wt, MjftES0>4E^K& 

r ©HJS^WJBOT T L 7 r-f >^***«r«rili-5. 
[0 0 2 8] Ull l:/TfTTL7 7^f >^3fe^»tt, A 
«#^*G l*5i 7 r-f ^SEflBft^SSG 2^11 

%4W*«**&*«^rti*»orill»:, JBi 
JSiuyXSTi, *2»3t^»-es>sjB2 u>X#t 

itt^5o ^1 i/>XSTlfi, U SS 

2 l/>X8T 2i5j:Ol3 u >X&T 3 IE <£>® 

T2i-#lW^iH-S 0 

[0029] (Hi i^-f jea*** e>ast*^^)X— ^ > 

te, X-^y^Lt, *2i/yX8T2i:-#W: 



[0 0 3 0] IMuyXR (M=l— 3) <&^*Sg«IS: 
2. 4<|f 1 |/f w <2. 6 (f , < 

0) . 

*«=(2) f 3 / f w < 6. 8 (f 3 > 0) , 

^#.(3) 0. 37<f 2 /f 3 <0. 41 ( f 2 > 
0, f 3 > 0) % teXXf 
*#(4) 1. 75<bf,/f l 

[0 0 3 1] ftfMl) tt, ^JRfc/hSWbU Ci^Iff 
icJgjEi-Sfc*. *1 i/yX^Tl^jSElf! 
ffl 5 0, TKSr*»T?tt, ^luyX 
g£T 1 <o^<DM^tifi^< u^X^©/M 

sswt Afrits a*, i/>x^*/Mfttsr t^sm 

l-45o #fe#(2) tt, JB3 U>XWT3^>jEOJB»A«r 
a*Ji-S*#T**>9. ±m&mx-Z k, I3 1/VXST 

[0 0 3 2] *(^IE^I^^of 2 u 

>-X»T 2*3i(;S3 u>X«£T S^fflW^OBB^SrJfi 
Mi"*ftfl=t?*>9, ^2l/yX#T2i6j;(/l3l/yX 
WT30«^tfett4:^^<«oT/ha^b«:*«(rL. * 

(3) OTH*S|-Ctt, 13 u>X»T 3C0HSf*ds^ 

X»T 2<^S^AS^i§^^*oT3$®iRM^^ 
[0 0 3 3] «£#(3) 0±RBSr«x.5i:. »3U>X8f 

T3^Ma^#<^ | 9, 12 u>xmr 2<vm 

A#^4**s, fl uyXi|Tl^(Dl^^io^ 
2 u^X»T 2^^fiOJBSf^^^S</^5fflrSj^t^ 
&U **XOi»©/MftdSBil^45 0 *fl=<4) 

Sir, *K»W^3ta«)|ftx.^-fflv^53t^*^SrE^ii- 

[0 0 3 4] gll/>XiTltt, 3ftOl/yXLl, 
L 2fcitfL 3T«j«*iX. *2 UVX»T2tt, 5fe 
Ol/>XL4. L5, L6. L 7 &£rJL 8T'«^$ 
rt, ^LTi3 U>X||T3^, lft(Oy>XL9T'l 
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[0 0 3 5] 77j>?%^*m$rtrz>t^\^, m 

M (I2 2#JS) SrKlt. »«***G 1 OftJftS:*^* 
: FRM4^tT77'f^»ll*f*G2^aK 0 W3h 

[0 0 3 6] 77-f ^JMWft**G2tt, jEUVXW 
F l*5±t>'«U^X»F 2 Zm-tZo jEU^XWF1*S 

^«bi#^g2£«i/&ltv^ 0 ieu>x»fi 

Wt. 3tt^l/>XL10, LI 1*5J:0'L1 2TS«$ 
it. rhf)©3ft©i/yXL10, Lll*5«tLKL12 
£\ fiftffiflO^feltKfll^lRls&^oTWftL 10. L 1 1 , 
L 1 2<£>JiE-C f E«LTV^ 0 l/>XL 10H |lli 
W-^b LfcDDU>X"Cfe 9 . U>XL 1 1 *3±t/L 1 2 

[0 0 3 7] ^ifRM^lf^UVXL 10ft ¥ 

codbu>XL 1 l3oJ;l>*L 1 2te, ^iit'^, M®<£>ffi. 

xl i lfcitfn 2», zti^iiT'y xj*<oAktmt 

X«r»dSLTV*5 0 
[0 0 3 8] ^l/>X8F2lt 2 4SCCOUVXL 1 3*3 
J;c/L14T«$ix, m^^uyXL 1 3feiO'L 

i4^ fita5fly3&*e>Kffifl!i^ipj^oTj«ftL 1 3, l 1 

4<E>JgTEBLTV , >5o i/yXL13it dbU>XTfe 
9. i/yXL l 4ttDa^>-XTS>So i"*to*>, 77^ 
>^»BB3t^*G2«, *<05teK<£>IIS«rS<-r5fc«> 

>X^F 2^I«trgE»LT, —mWlJu^W 

XL 1 1 l$£ZfL 1 2 ££^T«/&U rtt&ifiU>X 
L 1 lioiztfL 1 2&m$Mk-tZ>^ klzX 9, ± ABB PS 

S< tTV^Oc 

[0 0 3 9] L**Lfc*s?>, iIi8ll«U^F2^ 
EBLfcfc** Ii/yXgF 1 ©3fe»S5*«rie< L*^ 



5c »#3te^*G10#tffl#*Ht, Wffiate«Sr 

T% 7 7 -f ^»Kftf*G2©Ii/yX»F 1 icioft 
5IHfeSfi§^i/>XL10SrllOi/>Xi:tT, Sfg(D 

[0 0 4 0] £h\z > El/VX»Fl^»BiSf(^l/ 
>XL 1 0O*lffi£¥ffi£LTllffcffifc— &3*fc Q 

5 r t iz X 9 , 7r>f>^:*sit5««**ofcft fcJM 

fc^fdte, *1/>X^F 2^au>XL 1 3 tOfll/VX 
L l 4^)2ftoi/yXT«U AftttftSffljEtrSA 
LTV^„ CiUyXL13Hffll/yXL14tO 
ra(S^J^<^oT, DDU^XL 1 4Sr**»irifi]fc»»S 
«:il:i!)77>f >^«S^«lE£:fT5 r irtf*T-# 

[0 0 4 1] B3lt *38WOjB2^*«5<0««fc«5 
TTL77^ ^^3t**OS«<0««S:JRBI! tt/Tt* 

^»E«H-e*>«. i3i^tTTL77^ >vyt^ 

fit. mi ilH*©a***»G l *3«ta?g|i <oyr^ > 
^*B***G 2il«Tft4577^ >-^SBB#** 
G2A^itTV^^ e SM^GKt »¥ftt^ 

SJSl u>X*Tl, JB2»3t^*TfcSJS2 u^X» 
T 2*3j:t/^3^#^T*fc5^3 U>Xi¥T 3^gf 
£;h/rv^S 0 f luyXSTlll ^StfT^Sr^TU 
SIS 2 lx>XWT 2*5iV)B3 u>-X»T 3 ttjE^SW^J 
&*r1-5o »2 u>X»T2<D»#:«HcR«-fettfcjR9 
Ste, ff„«ffi«SrlE<k;*-e:«X— 5 y^lcI2 u^X 
»T2i-#ftl:»»t5. 
[0042] $ll/>XSTlit 3ft«OU>XLl. 
L2*3itfL3t?*dc$^ *2l/yXST2tt, 5ft 
(OU>XL4, L5, L6, L7ioJ:0'L8T«$ 
it, *rLTfg3 uyXffT 3^1ftOU>XL 9T« 

$^tv>^ 0 as 3 u>x*T3^e>*tm$ixs»ie3t* 

*G103t*4r7r>f ^ygE»3t*»G2A^*<. 7 
r-f >-^0g3fe^G2 Ate. Hi irH«<£>jEU>X» 
F 1 *5±tfB 1 (D-MUlsXmF 2 itt«=Rft*5^U> 
X8F2A4*t5, EU^XRF 1 *5 ±tf A U>X# 
F2A£\ ffeffifcyj&^ttffififltwfpJ^oT. EUVX^F 
1, «u>X»F 2 A<Z)Hl:SilT77^ >ySBB3t 
fSG2A^MLTV^ e 
[0 0 4 3] EI/yX?|Fl{t 3ft^^yXL10, 
L 1 1 iSiU^L 1 2X-m&£tl, ZKh<D3&t<Dl«>X 
L10, L 1 lisit/L 1 2S:. tftffl(By^5>«ieflJ^fR] 
^otffiftLlO, L1K L120lT'eiLT^ 
o 0 U>XL10I1 ^lBSrfSttfcODU'VXffc 
0. 1^>XL 1 1^±C/L 1 2(^{:^ l n J l/VXT' 
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^U>X»F2Att, ltfcWDflUVXL 1 3 AT? 
flffi££H5 0 r^Ofluv-XL 1 3 A?r?ttt^r|6]{r^K)$ 
itSr irfii 0 7 74 ^?'$Lgt<VffiJE$:?f ?Z t&T-£ 

[0044] i4«, *&we>m3<vmm<DMm\z&z 

^I2«glT-fe5>o S4l^tTTL7 7'1'>m^ 

»*, hi tmm<Dffi&yt¥&G ne,xifms<o774 ^ 
^sbi^^g 2 a ki-i^mtez 7 t * >vmm^ 

1G2 B^B:4IL-CV^ 0 IMflGlll S^i- 

&5I1U>X#T1, |g2i¥3t^T-&3Sil2 U^X 
mT 2:fc±i>'|S3i£ft^-t l £>SJg3 U>Xi£T 3^SE 
S^HTVn^,, Hi UVXS¥T1W\ JKOStfi^SrW 
L, 312 l/>XfT 2*3^1/^3 uyXHT3lt IE£> 

Stfr^Wi-s. £12 uyX^T 2 ?>®)tf:wnz.mv bil 
tz.WL*) S«, :«A^f§6£^fc£*5X-5 >-^H#i;i|f!2 

[0045] ^luyXSTlli, 3ft©uyXLl, 
L 2*3it>'L 3T-«^c$ix. S2uyX»T2it 5ft 
©l/y/L4, L5, L6, L7teio;L8T-«^$ 
tt. ^Ltf 3 U^Xl¥T 3lilftOVyXL 9T-fsE 
$ixTV^ 0 SR3 u>Xg|T 3^t,Wtii^^5^7t^ 
^Gl<73^^7r-i'>-^ffiBlJt^^G2B(c«< < , 7 
r-f >^»BM7fc^G 2 B(i, Hll ilUlflWjEU^X^ 
F I*5«t?>'lll3 0^u->X^F 2 Ablzm^FmteZM^ 
>X§|F 2 B^r*i--5o jEL-V-X^F 1 ±(>*A U>X 
S¥F2BSr, ^ffiffii]*^Blffi«(r(6]^o-C, lEUVXfi 
Fl. Al/yXgF 2 B^JRI-ISBUT^T-f >^«Bg 
7fc3^G2 B£#fifcl,T^5„ 

[0 0 4 6] jEUVX^F 1 fi, 3ftOl^yXL10, 

L i lfcio'L i 2 T'fffiJ £ it s ^tibco3Vt;<nu>x- 
L10, L 1 l*3±i>'L 1 2 5r, ^iffiiKI/^ ibttffiW-ft 
/^oTNI&L 10, L 1 1. LI 2CDHlX'|EfiL-TV^ 
•5„ u>XL10il, JSl ffi&W-wk LfcQDU^XT-fc 
9, U>XL 1 liSiO'L 1 2{S*JCilp&)<DtfbU>XT- 
fc2>„ *l^yXHF2Bli, lftOBDuyXLl 3BT- 

Hf^n-cfct?, imuyXLi 3Bii, ^(Dmwmco 

lffi^SIiLTV^o r OBfli^yXL 1 3 B5r3ttt 

[0047] ii5tt, *&w<nm 4. <DnM<omm^<&z> 

5**E«B-CS>5. i5C/TtTTL77^ >?1t^Jfk 
IS. SI irlUfiloa^jt^G lioii/|g3<C»7r'f > 

?ikmt^G2 a kngrmKz 77^ >f&wmt¥ 



E«£*bT^5. fiuyXSTiit ^<omHft>^m 
U S 2 1/ yXST 2 Jo i 1 3 U >X^T 3 li, IE CO 

[0 0 4 8] 12 u>X#T 2<0fc#«fcttt*fciifc|fc 

xst 2 b—towz&wrr*. mi v->-x^t 1 «, 3 

ftrouyXLK L 2*siofL 3T«fiH5ii, I2uy 
XST2tt, 5ft(DUyXL4, L5, L6, L7*3± 

yyXL9t*M$nxv^ 0 l3uyxgT3*^W 
G 2 OMSK. 

[0 0 4 9] 7r-Y>^«IB3t#5RG2Ctt, HI 1 tt± 
fWioiEUyX^F 1 A*3it>'lgl3^U^XS¥F 
2Atlif : FS''i5SuyX|fF2C5rtt5 < , ZEU>- 
X|¥F 1 A*5±tf:ftU->X»F 2 ffet£ffi'ja»£>ttE 
ffl.iJ(C|p)^oT, I1/>XSF 1A, Al/yX|fF2CO 

5 S El/>XgF 1 Att, 3ft©l/>XLl 0, Lll 
*5<fct>*L 1 2 A-C^fig^ix, iix^(73 3tfe(OU>XL 1 

o, l i i*5«to?L i 2A&, i&mMfrt>mffimizfait>* 

oTJiIftLlO. Lll, L 1 2 A£>MBT*ffifiLT^ 
5. 1/VXLlOlt 3? 1 ffiSr¥®£: LfcCOuyXt-fe 
9. U^XL 1 1 *5±tfL 1. 2 A«*{^J?^«OdhUVX 
T-feSo i J5l*]Ot&U>XL 1 2A<DmWU(r> 

1 ®£#S£®£ UTV^„ 

[0050] ^uyX^F2Clt lftCODUyXLl 
3 CT-«/#£:?xS 0 rrooDuyXLi3C^**4^i; 

^to^-ars wtcis 77-f >y&m<DmiE$:ft 5 r t 

0 4 <Di§-g-|~ Jt LTftg^jE Lfc t # 05iRM©*<fc#/h 
$ < T*tr. 
[0 0 5 1] 

v>nM<omi&nzi3tfz>TTL7 7'f >yyt^<o&fr$) 
t£3mm**:fr^fi®m-tz>. m i tzm-rts i wmsro 

-*«r*l ~*4 jftltt, fi^mGl©f 

-*T?*>0. ^2 1*. 77^ V^SMR3fe^3RG2©7*— 

[0 0 5 2] 

[« i ] m&itmk 
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SS5 


R 


D 




N d 


v d 


1 


16. 16100 


2. 37000 




1. 69680 


55.46 


2 
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